FiG. 2.-Very small circumscribed fibrosis of greater FIG. 3 -Widespread polyposis, normal curve, secondary to healing juxtapyloric ulcer. Normal calibre and sharp defimition of intervenin evacuation. Similar to but still smaller than case of mucosal folds.
. be correct. (4) A late result, consisting of a sharply outlined small area of thickening near a healing peptic ulcer. Histology: "Chronic circumscribed fibrous induration secondary to peptic ulcer" (Fig. 2) . (5) The warty type of idiopathic gastritis is contrasted with multiple polyposis (Fig. 3 ) and a disseminated polypoid type of carcinoma. (6) One of several instances of correctly diagnosed perivisceritic stenosis without intrinsic lesion, at operation shown to be due to a band of adhesion. Mfter this was cut the prepyloric portion unfolded completely, the pylorus was patent and no thickening of the gastric wall was felt.
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Radiological Methods SINCE the original work on excretion cholecystography by Graham and Cole (1924) , several important developments in the radiological examination of the biliary tract have taken place.
Pheniodol was introduced in 1940 as an improved oral contrast medium, largely because of its less unpleasant side-effects than those of the earlier media and because of its greater freedom from confusing shadows due to bowel residue. In 1951, iopanoic acid (or Telepaque), a medium containing much more iodine than pheniodol, began to be widely adopted for routine use. In recent years, Biligrafin, an intravenous excretion medium, first introduced by Frommhold (1953), has been employed with increasing frequency. This medium not only allows demonstration of the gall-bladder but also of the major bile ducts in most cases. Its particular advantage is that the major bile ducts can usually be outlined even in a patient whose gall-bladder has been removed.
Among easily accessible articles on the use of these media are those by Kemp (1943) , Stevenson (1952) , Gordon (1953) , Sutton and Tillett (1954) , Aldridge (1955) and Don and Campbell (1956) .
Coincident with the development of contrast media with different qualities, which will be referred to later, there has been a striking development of radiological methods generally so that nowadays we have the advantages of many accessory techniques which serve to improve the value of the radiological investigation of the biliary system. As examples of these newer methods may be mentioned the following: Multiple localized films under screen observation, permitting minor variations in applied pressure over the gall-bladder; postural alterations of the patient to displace intestinal gas and to show "levels"; tomography, especially to demonstrate the common bile duct; and, most recently, the use of the image amplifier with cin6 recording. Various combined techniques have also been suggested (Aldridge, 1955; Mitchell, 1956; Johnstone and Sumerling, 1957) .
Anatomical and Physiological Considerations
The pressure system in the biliary tract consists of three main elements: the secretory pressure in the liver, the resistance to free emptying of the common bile duct by a muscular mechanism at its lower end and the combination of muscular tone and contractile power of the gall-bladder. The first of these pressures is believed to remain constant but the second and third vary according to requirements and are of special interest to radiologists.
The Distal Common Bile Duct
Since Oddi's first description of a sphincter at the lower end of the common bile duct, much argument has taken place as to its precise anatomical structure. Agreement even now has not been reached but Boyden (1957) has published some superb anatomical studies which seem to make it certain that there is an intrinsic sphincter in this region quite distinct from the duodenal musculature. It is evidently a complex structure which includes not only muscle fibres surrounding the duct itself but additional fibres derived from the circular muscle of the duodenum, anchoring the duct to the duodenum and compressing it against the wall. There are also muscle fibres around the major duodenal papilla compressing the outlets of both the common duct and the pancreatic duct.
[A short cine film was now shown. This film, entitled "The common bile duct: a demonstration of peristalsis in certain animals and man", was made by Mr. William Burnett in the Department of Surgery, Glasgow University. It illustrates the anatomical variations of the biliary tract in several species of animals and ends with a demonstration of the radiological appearances of the common bile duct at post-operative cholangiography, using the image amplifier with cin6 attachment.] Burnett (1958) is of the opinion that muscular contraction takes place over a considerable extent of the common bile duct and not only at its distal part where the sphincter is situated. The Common Bile Duct in Relation to the Pancreatic Duct Considerable anatomical variation is known to exist in the relation of the common bile duct to the main pancreatic duct. The two ducts may enter the second part of the duodenum separately but, much more commonly, they join at a variable distance proximal to the papilla. According to Hjorth (1947) , who studied this matter by post-mortem injection into the tail of the pancreas, such a confluence of the ducts occurs in 86% of cases. Other observers give lesser percentages, between 60 % and 75 % being more usual figures.
The importance of the question of reflux from one duct into the other lies in the possibility of pancreatic secretion entering the biliary tract and bile entering the pancreas. It is believed that reflux in either direction may be of stiological significance in cholecystitis and pancreatitis respectively and it is on this theory that the operation of sphincterotomy has largely been developed.
Reflux of bile into the pancreatic duct has never been demonstrated by excretion cholecystangiography but it is a frequent occurrence in direct cholangiography. In my experience, the distal part of the pancreatic duct is visualized in about 25% of cases in cholangiography through a "T" tube after cholecystectomy. This is not nearly as high a figure as one might expect from the anatomical frequency of confluence of the two ducts but, of course, reflux must depend not only on the anatomical conditions but also on the relative pressures in the ducts and in their confluent channel at the time of injection.
Contraction of the Gall-bladder
Soon after the introduction of excretion cholecystography by Graham and Cole, the anatomist Boyden (1928) demonstrated radiographically the contraction of the gall-bladder which takes place in response to the ingestion of egg yolk and cream. Boyden showed, in a series of normal subjects, that contraction commenced within two minutes of the meal. This was followed by a short pause and then contraction went on steadily and fairly rapidly up to about thirty minutes and later more slowly to reach a maximum in between one and two hours. Females, in general, showed a more rapid emptying but there was a wide variation in emptying time-between thirty minutes and four and a half hours. The time was found by re-examination to remain constant for the individual.
The mechanism of gall-bladder contraction is believed to be a direct hormonal effect due to the elaboration of cholecystokinin by the duodenal mucosa in response to the stimulus of food, particularly egg yolk and fat, entering the second part. (Various preparations of vegetable fat are quite satisfactory in this respect.)
Recently, pure cholecystokinin has been prepared in crystalline form and has been used as an intravenous injection to produce contraction of the gall-bladder (Adlercreutz et al., 1957; Broden, 1958) .
The type of contraction seen after cholecystokinin injection is different from that following a fat-containing meal-there is a much more rapid contraction, reaching a maximum within twenty or thirty minutes. This is followed by a relaxation of the gall-bladder which returns to its original size, though not, of course, to its original density, within the ensuing half-hour.
Although the examination can be conducted more rapidly and perhaps more scientifically, intravenous cholecystokinin is not likely to replace the original fat-meal method as a routine measure in radiological diagnosis because of several drawbacks, chief of which are: the potential danger of sensitization, the necessity of an intravenous injection and the added expense.
In my opinion, there is at present no certainty that a critical, volumetric analysis of gallbladder emptying is worth the effort and expense involved. I believe that the value of examining gall-bladder contraction depends on (1) the improved chance of demonstrating small non-opaque stones and (2) the demonstration of the extra-hepatic ducts by the rapid discharge of contrast-laden bile from the gall-bladder.
Qualities of the Contrast Media in Current Use It is important to appreciate that the three main types of contrast medium in current use (pheniodol, Telepaque, Biligrafin) have different qualities. All three media can outline the gall-bladder provided the cystic duct is patent but the conclusions to be drawn are not the same in each case.
With Biligrafin, this outlining is not dependent on an actively concentrating gall-bladder mucosa for the contrast medium enters the gall-bladder already sufficiently radiopaque for demonstration.
With pheniodol, the iodine-laden bile entering the gall-bladder is not radiopaque and becomes so only by the active withdrawal of water, which raises the iodine content of the concentrating bile. Therefore a demonstration of a gall-bladder shadow by pheniodol can be taken as proof that the mucosa is functioning.
Telepaque seems to occupy an intermediate position. A gall-bladder seen after Telepaque does not necessarily mean that much concentration has taken place. I believe that liver bile after Telepaque requires very little concentration in the gall-bladder to become radiopaque, and consequently Telepaque is not as good a test of gall-bladder function as pheniodol.
Support is given to this view by three observed facts: (1) The gall-bladder outlines densely much sooner-after Telepaque than after pheniodol. (2) The common bile duct is occasionally demonstrable in cases where the gall-bladder has not outlined.
(3) The hepatic and common bile ducts can be shown by Telepaque even in a patient whose gallbladder has been removed and where there is therefore no question of bile concentration. Twiss et al. (1955) have used Telepaque in these circumstances with considerable success.
It has been recognized from the early days of cholecystography that a visualized gall-bladder does not necessarily mean that its mucosa is normal, whereas a gall-bladder that does not outline means, almost always, that a pathological process is present, either a blockage of the cystic duct or a grossly diseased mucosa, that is to say that the test is more likely to be unreliable when the gall-bladder is visualized than when it is not. Why therefore add to this possibility of error by using a medium such as Telepaque, which requires very little concentration ? It seems to me that the routine use of Telepaque results in many more gall-bladders being assumed to be normal when they are not.
Broadly speaking, the radiologist is concerned with three aspects of biliary tract diseasefunction of the gall-bladder, presence of gall stones, morphology of the tract. No single method of X-ray examination will often provide the best available answers under each of these headings.
For function, I believe pheniodol is the best medium. For the demonstration of non-opaque stones, Telepaque is the best and the most convenient. For anatomy, Biligrafin. All three may be necessary in a particular case but I like to start with pheniodol unless the plain film or the history gives a lead to the problem or it is known with certainty that the gall-bladder has been removed.
The Routine X-ray Examination of the Biliary Tract With these considerations in mind, I have adopted the following basic plan as a routine in my department. At the patient's first visit a plain film of the whole abdomen is taken. This film is seen wet and the patient is interviewed by a radiologist, who arranges the next step-this will vary according to the findings of the plain film and the information derived from the patient and the clinical notes.
If the plain film gives certain evidence of gall-stones, oral cholecystography is unnecessary. If there are shadows possibly, but not certainly, due to gall-stones, cholecystography using Telepaque is arranged in order to resolve the doubt.
If the plain film shows no significant abftormality, arrangements are made for pheniodol cholecystography. At this second attendance, if there is a good gall-bladder outline on the standard "erect" and "prone" films, further films are taken after a fatty meal. (These films are omitted if there is positive evidence of non-opaque stones.) If, however, no shadow or a poor shadow is seen after pheniodol, arrangements are made for Telepaque cholecystography on the following day in order to improve the chances of showing non-opaque stones.
Biligrafin is held in reserve for those cases which still remain in doubt. I do not feel inclined to employ it without the approval of the referring clinician.
In those cases where cholecystectomy has been finally decided on, I like to offer to carry out a Biligrafin intravenous cholecystangiography and also a barium meal, if this has not already been done.
The X-ray Examination ofJaundiced Patients No reliable and safe method of demonstrating the biliary tract in jaundice has so far been evolved. Biligrafin is perhaps worth trying if the serum bilirubin is under about 4 mg. or if the jaundice is very recent or is waning. Usually, however, the results will be disappointing. Aldridge (1955) has reported better results in jaundice than most observers His technique includes the use of pethidine to produce spasm of the sphincter of Oddi.
Transhepatic cholangiography, a method of examination in which a needle is pushed blindly into the liver until it enters a dilated duct, has been recommended by several observers, including Mandl (1956) who obtained diagnostic films in about half his cases. In this country, however, the general view seems to be that the procedure does not justify its potential dangers.
The address concluded with the demonstrations of a number of slides and the discussion of examples of cases of special interest including the following: pancreatic calculi, gas in the biliary system, milk of calcium bile, cholecystitis glandularis proliferans cystica (diverticulosis of the gall-bladder), fixed mural translucencies due to papillomata and to localized cholesterolosis, enlargement of the gall-bladder after gastric operations and the cystic duct remnant in patients with a recurrence of symptoms after cholecystectomy.
